INTRODUCTION
The northern two-thirds of the Sunda megathrust that broke in the 26 December 2004 Sumatra-Andaman event ͑M = 9.2͒ had not been considered seismogenic ͑McCann et al. 1979͒, much less capable of generating a basinwide tsunami ͑Figure 1͒. McCann et al. accurately stated, "The portion of the Sunda arc along the Andaman and Nicobar Islands is characterized by oblique convergence. There are no great earthquakes or extensive tsunamis reported historically." After analyzing studies describing the documented historical earthquakes and tsunamis from about 6°N to 16°N in further detail ͑Figure 1͒, McCann et al. then surmised, "Hence, there may not appear to be great earthquakes associated with the Sunda arc in the Andaman-Nicobar region." This became the rational basis for generally accepted understanding, but then unfortunately, almost as if to prove that scientists had been terribly wrong, the earthquake and tsunami of 26 December 2004 occurred.
Taking into account all prior data, regional seismic hazard forecasts ͑e.g., Giardini et al. 2003 had not fully anticipated this great tsunamigenic earthquake because of the highly oblique plate convergence angle. Stress caused by this event evidently led to the large 28 March 2005 Nias-Simeulue event ͑M = 8.6͒ directly to the south ͑McCloskey et al. 2005͒ , which then led to concerns of a continuing domino effect toward the southeast along the megathrust ͑Nalbant et al. 2005͒ . Between 1°S and 5°S, the megathrust had last ruptured in a major event pair that occurred in 1797 and 1833 ͑McCann et al. 1979 Newcomb and McCann 1987; Zachariasen et al. 1999 ; Natawid- Slip during the Sumatra-Andaman and Nias-Simeulue events was heterogeneous in both space and time, and it achieved a wide range of slip amounts and slip velocities across very large areas of the plate interface. The most rapid portions of the slip events radiated seismic energy, as summarized by Kanamori ͑2006, this issue͒. The relatively rapid slip also produced permanent displacement of the islands and seafloor along the plate boundary. The dynamic oscillatory motions and also the rapidly occurring motions that produce static displacements of the solid earth both couple energy into the ocean, generating a tsunami. The damaging effects of the shaking and tsunami, however, were certainly primarily produced by the relatively rapid rupture propagation along the plate interface.
Also important, however, were the continuing slow movements along the plate boundary interface after both events, typically called postseismic creep or afterslip ͑Scholz 1989, 2002͒. These motions produced ongoing large static displacements across the region ͑e.g., Vigny et al. 2005 . For the Sumatra-Andaman event, both rapid and slower slip were sufficiently large to be geodetically recorded locally, regionally, and worldwide ͑e.g., , Vigny et al. 2005 . To understand geodynamics, plate boundary processes, and long-term hazards, we need a comprehensive understanding of not only the rapid coseismic slip, but also the slow aseismic fault slip following these earthquakes. It is recognized that the afterslip contribution to an event's total moment can be large ͑e.g., Heki 1997͒ and can obscure the pattern of immediate coseismic slip ͑e.g., Ji et al. 2003͒ . In the case of the Sumatra-Andaman event, afterslip contributions during the first month were as much as 30% of the coseismic slip ͑e.g., Subarya et al. 2006 , whereas nine months after the Nias-Simeulue event, the afterslip reached up to 25% of the coseismic slip ͑Hsu et al. 2006͒. Prolonged and aseismic transient behavior on the plate interface, while complicating interpretation of the seismological data, may eventually reveal previously unknown phenomena associated with such large megathrust events. Furthermore, the geodetic data can be alternatively explained entirely by asthenosphere relaxation ͑Pollitz et al. 2006a͒.
Sudden release of accumulated relative plate motion, in the form of slip across the Sunda megathrust plate interface, produced a variety of effects that have already been extensively observed and reported elsewhere. Initially, seismic data were used to construct source models of each of the two events ͑e.g., Ammon et al. 2005; Kanamori 2006 , this issue͒. In the case of the 26 December 2004 earthquake, early results of inversions for fault slip patterns ranged widely. Some initial estimates included maximum slip values of only 6 m, whereas others obtained 20 m. Some of the variation reported occurred because resolution of slip is underdetermined, and these studies averaged slip over different fault areas. Months later, once the extremely-long-period GPS, geologic, and tsunami data were included in slip inversions, and once various plate interface dip angles had been tested, estimates of slip as large as 30 m were described over the largest-slip patch ͑Hirata et al. 2006͒, near the southeast end of the rupture zone, where up to 18 m of slip occurred over an area of roughly 10,000 km 2 ͑Chlieh et al. 2006͒. Such high slip over such a large area produced the initial subevent, itself a potent seismic and tsunami source comprising the first third of the rupture, and precipitating the chain of subevents that dynamically extended the rupture length threefold alongstrike to complete the Sumatra-Andaman event rupture.
The total slip, both rapid and gradual, on the plate interface will probably remain the subject of many years of future study as inversion methods are further optimized and as additional data are collected. For example, longer GPS time series and future satellite imagery acquisitions over several years will help to clarify the pattern and amounts of postseismic deformation. Here, we summarize the current state of knowledge, with the expectation that the range of model results is a measure of the overall uncertainty caused by sparse data, imprecision of current methods, and the inherent inability to resolve an underdetermined problem. Much has been learned through the investigations summarized here; clearly some slip and afterslip features are well resolved by the data. A goal of this overview is to summarize all geologic and geodetic work published ͑or in some cases, in press or submitted͒ to date from all available sources. As such, the highlights selected from the diverse abundance of research results serve only as a pointer to a few of the many detailed studies accomplished through the efforts of others, some of which were surely inadvertently omitted from this overview.
GLOBAL CRUSTAL DEFORMATION AND SEISMIC HAZARDS
M Ͼ 9 earthquake sources have been among the most important sources of deadly and damaging historical tsunamis ͑e.g., Chile 1960, Alaska 1964, Sumatra-Andaman 2004͒. Through plate tectonics we understand and can quantify the motions of Earth's major and minor plates with respect to one another. We have recorded global earthquakes over the last century, and we find that seismic energy release occurs primarily along the boundaries where relative plate motions are concentrated. More recently, we have used space geodesy to measure plate motions so that we can observe not only sudden seismic energy release, but also the slow aseismic strain accumulation that directly leads to earthquakes, as well as the relaxation processes that follow them.
Taken all together, a reasonable basis now exists for characterizing and forecasting global seismic hazards and future earthquake potential. Consider two plates converging across a subduction zone ͑Figure 2͒. The surface across which they are in contact is the plate interface. Between megathrust earthquakes, strain accumulates and is measured geodetically. Areas of more rapid convergence around the world's convergent plate boundaries tend to have frequent large-to-great earthquakes and pose a generally greater seismic and tsunamigenic hazard ͑Figure 3͒.
Through work organized by the International Lithosphere Program ͑ILP͒, two major data products have been used in support of long-term earthquake forecasts: the Global Seismic Hazard Assessment Program ͑GSHAP͒ ͑http://www.seismo.ethz.ch/GSHAP/͒ and the Global Strain Rate Map ͑GSRM͒ ͑http://gsrm.unavco.org/͒.
Global seismic hazards have been mapped on the basis of historical earthquake activity ͑e.g., Pacheco and Sykes 1992͒, source characterization, and probabilistic seismic hazard analysis ͑PSHA͒ ͑e.g., Giardini et al. 1999 Giardini et al. , 2003 Shedlock et al. 2000͒ . From GPS data the rates of crustal deformation, such as crustal convergence across subduction zones ͑Figure 4͒, are now also well known ͑e.g., Haines and Holt 1993; Kreemer et al. 2000a Kreemer et al. , 2003 Sella et al. 2002͒ . Most recently, efforts to improve global earthquake hazard assessment have tried to improve the methods for including seismic catalog data ͑Bird and Kagan 2004͒.
Hazards from M Ͼ 9 class earthquakes are considerable along many of the world's subduction zones, and it is generally held that such events would be tsunamigenic. Less certain is whether or not smaller earthquakes, 9 Ͼ M Ͼ 8, or even events below M=8, would be likely to be tsunamigenic; some 8 Ͼ M Ͼ 7 events were certainly tsunamigenic ͑e.g., Geist 1999͒.
UNANTICIPATED EARTHQUAKE AND TSUNAMI
For some portions of the world's plate boundaries, there exists no easy consensus regarding either seismic or tsunamigenic potential. Although not as frequent as Pacific Ocean tsunamis, Indian Ocean tsunamis during historical time have included the devastating tsunami example associated with the eruption of Krakatoa ͑27 August 1883͒. The seismic hazard of subduction zones along the Indian Ocean margin off Sumatra had, for many years, been recognized to be high ͑e.g., Giardini et al. 1999 Giardini et al. , 2003 Shedlock et al. 2000͒ . From GPS data, the rate of crustal convergence was known to be appreciable, and it was clear that strain accumulation was occurring across the megathrust along Sumatra and Java ͑e.g., Haines and Holt 1993; Kreemer et al. 2000a , b͒. The historic and prehistoric sequence of great events along the subduction zone from the study of historical records and fossil evidence from corals showed a high risk of a repeat of an M Ϸ 9 tsunamigenic earthquake from just south of the Batu Islands to the southeast, similar to an event pair that had struck in 1797 and 1833 ͑Newcomb and McCann 1987 , Zachariasen et al. 1999 . The hazard from an M Ϸ 9 class great earthquake was considered highly likely in even the most recent probabilistic seismic forecasts ͑e.g., Petersen et al. 2004͒ , and it was also generally held that such an event would be likely to be tsunamigenic. Missing, however, was an appreciation for the earthquake and tsunami hazard from north of the island of Sumatra. As quoted more fully in the Introduction, McCann et al.
͑1979͒ had stated what became the accepted idea: there did "not appear to be great earthquakes associated with the Sunda arc in the Andaman-Nicobar region." Because the direction of plate convergence becomes highly oblique northward from 3°N ͑e.g., McCaffrey et al. 2000͒ , and because strike-slip motion is being accommodated on the Great Sumatra and Andaman faults, for example, it was generally believed that the efficiency of fault-relative movement across the plate interface was being resolved into faultnormal and fault-perpendicular components ͑termed slip partitioning͒ in such a way that A significant change in tectonic setting, however, occurs at about 10°N, midway up the Nicobar-Andaman island chain ͑between Car Nicobar and Little Andaman islands͒. Here, the ridge-transform system beneath the Andaman Sea ͑the purple line in Figure 1͒ abuts and interacts within the back-arc of the subduction zone ͑Curray 2005͒. Along the arc, variations in the sediment thickness and age of the subducting plate may also help to determine the change in coupling across the plate interface ͑e.g., Chlieh et al. 2006͒ . As a result, oblique convergence of 14± 4 mm/ year occurs. This had been detected at Port Blair ͑at 12°N in Figure 1͒ vergence across the plate boundary from ϳ10°N to the northern extreme end, the interseismic deformation in this area remains unclear even with the benefit of hindsight.
Hence, before this event occurred, no one had ever argued for the possibility of an M Ϸ 9 rupture extending northward through the Andaman and Nicobar ͑A&N͒ Islands. In that sense, the northernmost 800 km of this earthquake rupture was completely unanticipated. Furthermore, that at least the southern half of this portion of the rupture was tsunamigenic meant widespread damage from inundation in areas of Thailand, Myanmar, Sri Lanka, and India that would simply not have been included in tsunami hazard models prior to this event. Because there was not thought to be as great a seismic threat from the subduction zone north of 6°N and up to 11°N, there was thought to be a relatively low tsunami threat to these coastlines that ended up being very heavily damaged in 2004.
Hypothetically, this does not need to have been the case. Had there been an array of continuous GPS stations operating for several years, better constraints on the seismic hazards would certainly have been possible. Furthermore, had investigators been able to sample corals in this region, as had been done off Sumatra, the paleoearthquake history would certainly also have helped in quantifying hazards for this section of the subduction zone. Systematic searches for paleotsunami deposits could have been conducted regionally as well. Such studies here, or elsewhere, can be generally beneficial for quantifying earthquake and tsunami hazards. As an added benefit, these studies and monitoring arrays will then also provide valuable data after future great earthquakes.
A direct lesson taught, by this example, has been applied in the similar case of the westernmost extreme Aleutian archipelago. Similar in its oblique plate motion to this section of the A&N Islands, it had also previously been thought to have a low seismic and tsunami hazard. Now, however, revisions are being made to accept the possibility of an M Ϸ 9 event rupturing this area with large slip. In a few other cases worldwide-for example, the Ryukyu, South Sandwich, and Caribbean archipelagos-similar revisions are being considered. Even where trench-normal convergence rates are low, hazards exist and need to be carefully re-evaluated on a case-by-case basis using the best available geodetic, paleoseismic, paleotsunami, and other data.
Another lesson gained from the 2004 megathrust rupture is that segments that were not thought likely to rupture together now should be taken into account as a finite probability. That is, where historical or paleoseismic evidence suggests M Ϸ 8 class events but no M Ϸ 9 class events, the possibility of M Ϸ 9 class events cascading through multiple-segment ruptures needs to be appropriately considered. This new information is now being utilized in revising global earthquake hazard models and in modeling tsunami potential hazards for the western Pacific region ͑source characterization work in progress by NOAA and USGS͒.
THE 26 DECEMBER 2004 SUMATRA-ANDAMAN EARTHQUAKE
In simplest terms, the rupture began at 3.0°N off the northwestern end of Simeulue Island on the plate interface megathrust fault. The early onset or first stage of rupture led to rapid large slip unilaterally toward the north, producing a large slip patch of some 20 m of slip across the downdip width for several hundred kilometers alongstrike. Rupture then continued northward and began to slow down until gradually stopping at about 15°N. Along the way, several additional large slip patches occurred, but none were as large as the initial one. The character of rupture is thought to have changed most distinctly upon passing into the different tectonic regime north of 10°N; after this, it slowed down to the point that it clearly was no longer producing a tsunami from 11°N to 15°N ͑Geist et al. 2006͒ . Although many early models included this northern reach in their tsunami sources, some water level gauge data have been shown to be inconsistent with this portion of the rupture being tsunamigenic ͑Neetu et al. 2005͒. The following sections review the observations in more detail.
GEOLOGICAL OBSERVATIONS
For great continental earthquakes, primary evidence of faulting can be documented by directly mapping fault surface ruptures, and slip on the fault is observed by measuring offset features. In this case, however, because the earthquake occurred along the megathrust plate interface, the rupture is believed to have broken the seafloor along the Sunda Trench in water depths of about 3-5 km along the arc where it cannot be readily observed. For this reason, geological studies rely for the most part on secondary observations of deformation associated with the megathrust rupture and slip on the buried plate interface.
In one place called the "Ditch," however, exploration by the Sumatra earthquake and tsunami offshore survey ͑SEATOS͒ cruise found disruption of the seafloor surface that was interpreted as faulting at the seafloor along the trench ͑Moran and Tappin 2006͒. The researchers described this as a linear depression at the toe of the deformation front, suggesting evidence for recent seafloor movement. The evidence, however, is not clearly indicative of primary tectonic offset along the seafloor outcrop of the megathrust fault ͑Henstock et al. 2006͒ . Instead, an east-facing striated scarp along the western edge of the Ditch with a height of up to 12 m of vertical separation was found. This apparently tectonic scarp along the frontal thrust ridge is the only potentially primary geological evidence of the seafloor rupture reported so far ͑Figure 5͒. Henstock et al. ͑2006͒ show several possible interpretations of this feature, none of which is a simple seafloor rupture of the primary megathrust fault plane. Instead, they argue that folding and backthrusting at the deformation front pervade the structural style alongstrike. Future cruises can be expected to obtain more extensive observations of seafloor faulting and deformation with new deep-ocean manned and unmanned submersibles and imaging technologies.
Where rupture occurred at great depth beneath the islands off Sumatra and along the A&N Island groups, secondary geological evidence of slip on the plate interface was often expressed as dramatic uplift ͑Figures 6 and 7͒ or subsidence ͑Figure 7͒. Coral reefs, marshlands, estuaries, and mangrove swamps, as well as docks and other harbor facilities in populated areas, were stranded well above pre-event high tide lines, while in other places coral reefs were submerged or towns were flooded. In some cases, uplifted villages benefited from being raised coseismically just prior to inundation by what would probably otherwise have been a damaging tsunami.
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Although a short-term benefit, this uplift has proved to be a long-term problem for residents. At Sirombu, on the central west coast of Nias, uplift of 2.6 m had the following effects: the town pier was lifted high and dry and has been rendered useless; the harbor is now too shallow for large boats, and medium boats cannot get close enough to shore; villagers must now walk several hundred meters several times per day going back and forth across the dry reefs to reach the ocean. Long-term effects of subsidence at other locations include flooding of villages at high tides and landward beach erosion into villages and coconut plantations ͑Meltzner 2006͒.
Comprehensive studies of uplift and subsidence throughout the region were made possible through novel uses of spaceborne imagery ͑Meltzner et al. 2006, Tobita et al. 2006͒. Tobita et al. ͑2006͒ observed changes in synthetic aperture radar ͑SAR͒ backscatter intensities in order to map uplifted and submerged areas. To do so, they differenced shorelines estimated from before and after imagery. Seaward shifts of the shoreline indicated uplift, whereas shoreward shifts indicated subsidence. Such information was compiled for the entire rupture length.
By carefully correcting satellite imagery for tidal stage at the times of pre-event and post-event advanced spaceborne thermal emission and reflection ͑ASTER͒ radiometer imagery acquisition, Meltzner et al. ͑2006͒ were able to place minimum bounds on either uplift or subsidence at each of 160 imagery analysis sites. Field observations of uplift and subsidence were also made at 10 sites, and vertical deformation measurements reported elsewhere were evaluated and compiled. The Meltzner et al. ͑2006͒ study showed that uplift extended along the total length of fault rupture from ϳ2.5°N ͑on Simeulue Island͒ to ϳ14.9°N ͑on Preparis Island͒, a total of approximately 1,600 km.
While the datum at Preparis Island is considered less robust than other data in the study, Meltzner et al. ͑2006͒ concluded that rupture did extend nearly to 15°N, which is about 100 km farther north than any other studies had estimated, 300 km longer than the estimated 1,300 km that has been widely stated ͑e.g., Bilham 2005͒, and 600 km longer . This island is home to the Sentinalese, one of the world's few remaining largely untouched native people, who are said to shoot arrows at those who approach the island. Evidently, this helicopter was fired upon by a lone Sentinalese ͑according to the report that accompanied this photo͒.
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than initially estimated by seismologists ͑e.g., Lay et al. 2005͒ . Furthermore, the "pivot line" between uplift and subsidence was identified alongstrike of the rupture, providing a strong constraint on the downdip edge of slip on the megathrust plate interface. The arc-normal distance from the trench to the pivot line varied from 80 to 120 km, placing an important constraint on rupture width along the strike of the entire rupture. This general rule will vary with factors such as downdip skewness and alongstrike variation of the actual slip distribution. Some studies estimate the total downdip rupture width to be greater, perhaps 240 km, in the southeastern portion of the rupture, narrowing to 160-170 km in the northern two-thirds of the rupture ͑Lay et al. 2005͒.
The Meltzner et al. ͑2006͒ study defined the overall rupture dimensions and outline and quantified the northernmost half to two-thirds of the rupture, where the initial propagation was evidently followed by gradual large slip and therefore was ambiguously recorded by seismological data. This study not only complemented seismology, which was especially good at imaging the rapid slip within the southern portions of the rupture, but it also complemented GPS geodesy. Because this new remote-sensing method provided far greater spatial detail, it allowed the pivot line to be precisely located alongstrike, and in two cases may have actually provided a more reliable measure of vertical deformation than the survey-mode GPS data.
GEODETIC OBSERVATIONS
Most available space geodetic high-accuracy measurements of deformation associated with the Sumatra-Andaman earthquake are from several vital sources of GPS data ͑as compiled in Figure 8͒ : ͑1͒ the International GPS Service ͑IGS͒, as has been extensively described ͑Banerjee et al. No other great earthquake had ever previously been captured by such an array of extremely-long-period instrumentation, as well as with the comprehensive before-andafter high-resolution and hyperspectral satellite imagery. For this reason, much has been learned about the final two-thirds of the rupture process and about slow "infraseismic" slip on the plate interface. The geological and geodetic data collected have extended the range of our knowledge about the earthquake source into ultra-long-period and superslow motion. As the image of the rupture process becomes clearer with improved modeling in the future, these results can be expected to have an important impact on our understanding of earthquake source physics and dynamic friction in spontaneous rupture modeling. 
MERGING SEISMIC, GEODETIC, AND GEOLOGIC DATA
Judging from all studies, it seems that the northward propagation of rupture was rapid enough to radiate some seismic energy along most of the way ͑e.g., Ammon et al. 2005, Guilbert et An interesting possibility is that a small amount of rapid slip was followed soon afterwards by a large amount of rapid afterslip, perhaps indicating slower-than-normal healing after the rupture front passed. Slow healing could occur because of an alongstrike change in frictional properties, resulting from the older subducting plate and greater sediment thickness in the north, for example. These differences from south to north could cause a lower effective coupling as the rupture propagated north. Rupture may also have switched into a different mode of crack propagation as it went to the north, in such a way that the slip direction rotated from being parallel to the rupture propagation direction to being perpendicular to it, as was seen for the Chi Chi earthquake ͑e.g., Ji et al. 2003 . The combined effects of restrengthening and rotation to updip instead of alongstrike rupture direction may have gradually arrested the rupture. Such speculations are not supported by the data at present, but they are suggested in hopes of motivating further study of these important aspects of the rupture process and the implications for earthquake source physics.
A challenge has been evident throughout the sequence of papers that attempt to describe the source properties of this great earthquake. Some papers have chosen to present multiple models based on the same data set, or on different subsets of data. The event defied many early attempts to quantify it, yet as more data have become available, a clearer picture is emerging. Rather than reviewing the incremental progress of steps that have led to the currently best available model, we will focus directly on this model alone for both coseismic and postseismic deformation associated with the earthquake. This model ͑Figure 9͒ by Chlieh et al. ͑2006͒ has included all available deformation data from all sources, and the researchers have done a careful and rigorous job of fitting all the data. Most features of the model are well resolved or are explained as being underdetermined within their paper. At least one other similarly detailed modeling study also merges all available data to form a comprehensive source model ͑Banerjee et al. 2006͒, and as new data and methods become available, further modeling will surely be the subject of many future studies to refine our understanding of this earthquake's source process. Seismological data are best for resolving the rise time and slip evolution as rupture propagates, as well as for resolving slip ͑even at the deepest portions of the fault͒ within the initial several hundred seconds of a rupture. The geodetic and geologic data are best for resolving the overall geometry and outline of the rupture, resolving the final slip pattern ͑including immediate and short-term postseismic deformation͒, and providing an independent set of observations that may be used to help evaluate competing seismic or tsunami models that used other data as input. In general, the most satisfactory models are ones that can be used to reproduce all of the particular independent data sets.
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For example, if one produces a model based purely on seismological data and then computes synthetic static displacements at the GPS site locations, one should expect to fit the independent GPS observations adequately, and vice versa. Either a strictly seismic or geodetic model can be expected to provide a good simulation of tsunami observational data or free oscillation recordings, and so on. We have reached a point with sufficient data for this earthquake that now these cross-validations are working much better than they were at first. In fact, Chlieh et al. ͑2006͒ go to great lengths to demonstrate to the reader that each of their models, using one type of data at a time, do not badly violate any of the independent data sets. They then produce a single preferred model in which all available data are jointly inverted, using appropriate weighting functions. This result is shown in Figure 9 , a model that fits all currently available observations remarkably well.
Interestingly, deep afterslip patterns fit in neatly downdip from each of the two largest coseismic slip patches ͑Figure 10͒. This follows Scholz's ͑2002͒ concept of ratestrengthening behavior below what he terms the lower stability transition at depth. That is, in this model, the large slip within the brittle portion of the plate interface placed high strains downdip that could not be relieved instantly, driving a nonlinear response within the normally plastic flow regime and producing a transient creep pulse that probably propagated downdip away from the highest-slip areas.
Because the available continuous GPS data are sparse and sporadic for the SumatraAndaman event, and because the post-event geologic and geodetic data were collected over a long time span, relatively broad discrete time windows for showing the progression of deformation throughout the postseismic slip are used ͑e.g., Chlieh et al. 2006͒ . Even so, it is evident that postseismic slip migrated in time and space in an intriguing manner. Unfortunately, details of the evolution of postseismic slip were not observed, due to the lack of continuous GPS stations above or very near the rupture patch. Furthermore, the available data may be alternatively modeled as asthenosphere relaxation ͑Pollitz et al. 2006a, Banerjee et al. 2006͒ .
A summary of coseismic and postseismic results, overlaid with an illustration of high-frequency seismic energy radiation, as well as the aftershock distribution, is shown in Figure 11 . In general, excellent agreement has been found between the two estimated coseismic models shown, except that between 6.5°N and 9.5°N the geodetic data indicate larger coseismic slip than the seismic data alone. Interestingly, the two geodetic model slip peaks within this section of the fault, however, do correspond to larger radiated T waves ͑Guilbert et al. 2005͒ . For most of the rupture's length, coseismic slip and afterslip are proportional; that is, where coseismic slip was large, the postseismic slip is 
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also large. In the northern part, from 12°N to 14°N, however, afterslip is very large compared with coseismic slip. This generally corresponds to the section of the fault that is thought to have coupled less energy into the tsunami ͑e.g., Geist et al. 2006͒ . Bilham ͑2005͒ suggested only slow slip in about this same section of the fault, yet more recent work has indicated that at least some early-onset rapid slip also occurred here. A way to reconcile these ideas has been suggested above in this paper.
As shown by Meltzner et al. ͑2006͒, the coseismic downdip extent is marked by the pivot line, which generally falls along the island arc in this case. Therefore, populated areas along the arc were particularly well located to detect postseismic variations in subtle uplift and subsidence effects that indicate the postseismic transition to slip being concentrated deeper on the plate interface. In general, the postseismic model predicts that the pivot line will systematically shift away from the trench, since the focus of afterslip is deeper than the coseismic focus. One place where this pivot line migration would probably be most noticeable, if the coseismic and postseismic models of Chlieh et al. ͑2006͒ are correct, is at the Indira Point lighthouse at the southern tip of Great Nicobar. Here, the earliest report of subsidence was given as 4.25 m. Later reports re-estimated subsidence at only 1.4-1.5 m, as summarized by Bilham et al. ͑2005͒ . Unfortunately, it is not clear whether there was a problem with units ͑e.g., possibly measured in feet, but erroneously reported as meters͒. This discrepancy in the observations, if confirmed through further field studies, GPS observations, and remote sensing investigations, may be best explained by coseismic subsidence of over 4 m, followed by postseismic uplift in the ensuing weeks of ϳ2.5 m due to deep aseismic slip on the plate interface. A similar reversal was observed, for example, after other large ͑M Ϸ 8͒ subduction events such as the 1995 Jalisco, Mexico earthquake ͑e.g., Melbourne et al. 1997 . These observed reversals presumably result from the same physical process of deep aseismic creep, accommodated by plastic deformation of mineral crystals within the deep-seated shear zone beneath the downdip edge of megathrust coseismic rupture ͑Scholz 2002͒. 
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THE 28 MARCH 2005 NIAS-SIMEULUE EARTHQUAKE
While the Sumatra-Andaman event was unusually large, with a very-long-duration source, it was sparsely recorded instrumentally in the near field. In contrast, the NiasSimeulue event was relatively well observed. Prevalence of a particular coral genus, called Porites, within the area of this equatorial event, along with a recently installed continuous GPS array, made this among the best-observed megathrust events ever ͑Briggs et al. 2006͒. These data ͑Figure 12͒, along with survey-mode GPS and global seismic data, have been modeled extensively by several groups ͑e.g., Briggs et al. 2006 , Kreemer et al. 2006 , Walker et al. 2005 to explain coseismic and postseismic deformation ͑Figure 13͒ associated with this event.
On the island of Simeulue, corals and GPS recorded details of how the 2004 and 2005 events' deformation fields overlapped, and they showed that an earlier event in 2002 split these deformation fields. When these records are taken together, the study illuminates an extraordinarily well-documented case of fault segmentation and a welldefined fault segment boundary. Because the forearc islands here overlie the seis- mogenic portion of these ruptures, details of slip can be obtained. In particular, betterthan-usual resolution of the shallow updip slip edge is possible in this case, allowing a study of how near slip went to the trench. Although there is alongstrike variation, it appears that, for much of the length of this rupture, slip terminated at about 15 km downdip from the trench. This appears to confirm the theory on the limit of updip slip and shallow transition to stable sliding ͑e.g., Byrne et al. 1988; Marone et al. 1991; Scholz 1989 The observation that evidently little slip occurred at depths shallower than 15 km along much of the Nias-Simeulue rupture seems consistent with this event's lack of an associated severe tsunami. The overall source dimensions, however, were also far smaller for this event than for the Sumatra-Andaman event. The tsunami for this event, measured as 4 m in Banyak and 2-3 m in several places in Nias, may be considered small for one associated with an M = 8.6 earthquake. This may also be, as explained by Briggs et al. ͑2006͒ , the result of much of the ground deformation occurring along islands and in shallow water, so that the water column displacement and seafloor-to-water coupling was less than usual.
Interestingly, uplift in the 2004 and 2005 events was characterized by a topographic belt of uplift, or "saddle," and other features across Simeulue and Nias islands that appear to mimic the long-term deformation pattern, suggesting that a succession of similar earthquakes may have produced the islands' topography and adjoining straits' bathymetry over many years ͑Briggs et al. 2006͒. Evidently, the 1861 earthquake that was studied by Newcomb and McCann ͑1987͒ ruptured approximately the same segment of the Sunda megathrust that again ruptured in the 2005 Nias-Simeulue event. Furthermore, the low-slip ͑and presumably lower-friction͒ portions of the megathrust even appear to correspond to where the wedge taper is more gradual, in agreement with theory ͑e.g., Davis et al. 1983͒ .
DISCUSSION
As the Sumatra-Andaman and Nias-Simeulue events have shown, earthquakes are in some ways extremely unpredictable. For example, because of the very oblique subduction from 5°N to 15°N, seismic and tsunami hazards had been considered zero or barely finite along what became the source of one of history's deadliest natural calamities. On the other hand, one of the major uncertainties in seismic hazard models involves rupture segmentation, and the data from these earthquakes have certainly proved illuminating in this regard. While some researchers discover new hope and optimism among these new findings, others point out that we are clearly still far from a comprehensive understanding. Are these natural phenomena inherently chaotic? Are the glimmers of predictability we observe within the system, such as the 2005 event's similarity to the 1861 event, or the evidently stationary nature of the Simeulue segment boundary, merely coincidental? For example, even if we were to obtain a perfect understanding of fault segmentation on Simeulue Island, we also must learn how ruptures may cascade from one segment to another.
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The pause between stages in a rupture cascade may be rapid on the broad scale of geological time, but to humans a pause of anything between days and decades may seem lengthy. At least, such pauses give us a chance to model and try to anticipate what may come next ͑e.g., McCloskey et al. 2005 , Sieh 2005 . A natural distinction in the time scale occurs, of course, for dynamic and static cases. Once the propagating waves have dissipated from the system, the static stress changes and any transient physical processes remain in effect and can continue forcing the cascading phenomenon. We ask such questions as "What is coseismic versus postseismic rupture?" or "Is this a cascading complex source with many subevents, or is it several discrete events?" The answers lie in recognizing the continuum in natural rupture phenomena. It is important to better define and consistently use terms meant to describe certain aspects of fault behavior such as "afterslip" or "slow slip." While all of this may help in understanding earthquake source physics, it also means that sources are even more varied and complicated than we had realized before the advent of modern broadband seismic and continuous GPS data. That is, state-of-the-art global and regional data for these megathrust events have shown us details of the source that we could not have obtained for, say, either the 1960 Chile or 1964 Alaska event. Now we are able to pursue more pointed questions about source physics, taking advantage of all the new data. Our ability to model the source and propagation, as well as resultant deformation field, has certainly improved greatly in the last several decades. It is nevertheless clear that we would have benefited greatly from having more of certain types of data for these earthquakes. For example, for the Sumatra-Andaman event, continuous GPS data from the A&N Islands, as well as more water level data from the Indian Ocean, would allow us to better model the second half or northern portion of the earthquake source and how it related to the formation of the tsunami. We would do well to collectively instrument source areas of potential future megathrust events so as to capture, in even better detail, their source properties the next time we have such an opportunity to learn from nature.
If rupture propagates updip to the seafloor at the trench, producing large ground motions associated with primary faulting at the seafloor, and upward fling of the hanging wall, a large amount of energy is expected go into tsunamigenesis ͑Geist and Dmowska 1999͒. In contrast, blind rupture that is embedded and does not reach the trench is less likely to couple energy efficiently into the water column. Further modeling and analysis are needed to understand better the relationship between shallow faulting and tsunamigenesis. In some model studies, there is little difference between a "blind" rupture and one that does reach the seafloor. It seems possible that, despite the large amount of slip, both of these megathrust ruptures may have been "blind" ͑that is, the fault surface may not have broken up to the seafloor͒ although this is far from being well determined at this time. We lack firm direct evidence, for either the Sumatra-Andaman or the NiasSimeulue events, of seafloor displacement at the trench itself. Whether rupture propagates to the seafloor or remains "blind" is thought to have very important implications for tsunamigenesis ͑e.g., . Furthermore, no large-scale submarine slumps have yet been identified, despite attempts to document these potential contributors to the magnitude of the tsunami.
